Study design: Single-subject (male, 16 years of age) case. Objectives: To demonstrate a suitable method for oesophageal repair after perforation as a complication of anterior spinal fusion in an individual with quadriplegia, and to review the literature on oesophageal perforation and repair. Setting: University hospital, large trauma centre with departments for spinal injuries and reconstructive surgery in Germany. Methods: A free jejunal graft used for oesophageal reconstruction in a post-traumatic situation after a complicated treatment course in a C6 quadriplegic patient. Results: A protuberant loose screw of the titanium plate after anterior spinal fusion perforated the oesophagus. Imbricating sutures and a fascia lata patch were insufficient to repair the oesophageal leakage. An 8 cm long segment of the cervical oesophagus including a fistula had to be excised, and a free microsurgical jejunal flap was used for restitution of continuity. The jejunal vessels were connected to the superior thyroid artery and external jugular vein. At 1 week after the oesophageal repair, an enteral contrast study showed a small amount of contrast medium leaking at the oesophago-pharyngeal anastomosis. A percutaneous gastric tube was inserted, and oral feeding was limited to tea and still water for 4 weeks. The further course was uneventful. Conclusions: Oesophageal perforation is a rare but recognized complication after cervical spine surgery, which can mostly be managed using secondary suture techniques. The free jejunal flap is a reliable and innovative tool in the particularly complex situation of a segmental oesophageal loss. It should be considered in similar cases to reconstruct oesophageal continuity or to treat stricture and fistula formations.
Introduction
Perforation of the cervical oesophagus after anterior spinal fusion is a rare but recognized complication. [1] [2] [3] [4] [5] [6] Delayed perforation after spinal surgery may lead to bacterial or fungal mediastinitis, septic shock, and death. 2, [7] [8] [9] [10] [11] The clinical features are inconstant, and may include the obvious signs of an oesophageal leakage such as pain, swelling and tenderness of the neck, dysphagia, cough, aspiration, phonetic changes as well as fever of unknown origin, leukocytosis, and unexplained persistent tachycardia. 4, 6, 8 The majority of oesophageal injuries can be repaired using double layer or imbricating sutures, 4, 11 or local flaps for defect coverage. 2, 7 Nonsurgical treatment leads to chronic fistula formation requiring tube feeding for weeks to months. 3, 5, 7, 10, 12 To the best of our knowledge, this is the first reported case of the use of a free jejunal flap for oesophageal reconstruction after anterior cervical spine surgery. 
Case report
A 16-year-old male patient was injured in a motorcycle accident, sustaining a flexion-compression fracture with posterior displacement of C5 into the spinal canal. The associated spinal cord injury was sensory incomplete at C4. A complete quadriplegia at C6 resulted. A CAT scan clearly delineated a 'burst' fracture of C5 (Figure 1 ), but did not primarily show any evidence of abnormality in the cervical oesophageal region. The patient underwent a partial corpectomy of the fifth cervical vertebra, and reconstruction from the fourth to sixth cervical vertebra with a cortico-cancellous strut from the iliac crest and a 'double H'-shaped titanium plate (Figure 2 ). On the 11th postoperative day the patient developed a cervical abscess around the plate. The patient underwent emergency revision drainage. During the revision, pus and food particles were evacuated, and an oesophageal perforation was seen. The wound was debrided, irrigated, and openly drained. The patient received broad-spectrum intravenous antibiotics. A nasogastric tube was inserted to bypass the perforated portion of the oesophagus. The patient underwent re-exploration and debridement of the cervical wound the following day and also 5 days later. The wound was left open again. The patient's general condition improved, but a persistent oesophageal fistula developed. On the 31st post-traumatic day re-exploration and repair of the oesophageal perforation using a Vycril imbricating suture was performed in collaboration with the ENT service, but a recurrent fistula occurred within a week. The next revision 7 days later demonstrated a pro tuberant loose screw perforating the oesophagus. The loose screws and the potential risk of a spinal osteomyelitis required the removal of the titanium implant. The strut graft showed signs of infection and nonunion, and was also removed. The leakage in the posterior lateral wall of the oesophagus was then repaired using a fascia lata patch. Postoperatively, the patient was scheduled to remain in a halodevice for 3 months. After a recurrent oesophageal leakage was detected, revision was performed in collaboration with the Department of Plastic and Reconstructive Surgery on the 46th posttraumatic day. An 8 cm long segment of the cervical oesophagus including the fistula was excised, and a free microsurgical jejunal flap was used for reconstruction of Figure 1 CAT scan at day of trauma showing a 'burst' fracture of C5 and dorsal dislocation of the fragments into the spinal channel resulting in a spinal cord injury, and a complete quadriplegia at the C6 level continuity (Figure 3 ). This final operation was performed by the senior author of this manuscript. The jejunal vessels were connected to the superior thyroid artery and external jugular vein. The former bed of the infected cortico-cancellous strut was filled with an additional segment of mesentery on the same vascular pedicle. The remaining soft tissue defect was covered by a split thickness skin graft. At 1 week after the oesophageal repair, a Gastrografin study showed a small amount of contrast medium leaking at the oesophago-pharyngeal anastomosis. A percutaneous gastric (PEG) tube was inserted, and oral feeding was limited to tea and still water for 4 weeks. The patient could leave the ICU, and was transferred to the Spinal Injury Department for further rehabilitation. At 4 weeks after the oesophageal repair, an endoscopy showed no leakage or stricture. The patient was started on oral feedings; the PEG tube was removed 2 weeks later. The patient's wounds healed, and bony union of C4-C7 was achieved with a slight dorsal bend of 251. The further course was uneventful.
Discussion
Occult oesophageal perforation after cervical spine injury, penetrating or blunt trauma may lead to severe mediastinitis, sepsis, and death. 2, [7] [8] [9] [10] [11] A mortality rate between 4 and 50% has been reported. 2, 4, 6 Early diagnosis and surgical revision are critical, because improved survival is clearly associated with early treatment. [13] [14] [15] Traumatic perforations of the cervical oesophagus account for 20-40% of all oesophageal injuries. [16] [17] [18] Most of the perforations of the cervical oesophagus (43%) are caused iatrogenically by endoscopic procedures. 2, 19, 20 Surgical procedures such as cervical spine surgery, medianoscopy, and thyroidectomy account for approximately 8% of the oesophageal injuries. 11, 21 Although the manifestations of oesophageal perforation usually occur within 1 week following anterior cervical spine fixation procedures, late perforations, occurring several weeks to years after surgery, are also reported. 5, [8] [9] [10] [11] Perforation of the cervical oesophagus should be suspected in patients with neck or throat pain, dysphagia, odynophagia, unexplained aspiration or choking, fever, localized neck tenderness, induration, haemoptysis, or the presence of subcutaneous emphysema. 4, 6, 8 Plain X-ray films of the cervical spine may reveal subcutaneous emphysema in the cervical soft tissues, while the chest X-ray film may occasionally show mediastinal emphysema. These signs and symptoms may be masked in such patients because Figure 2 Postoperative X-rays after partial corpectomy of the fifth cervical vertebra and reconstruction from the fourth to sixth cervical vertebra with a cortico-cancellous strut from the iliac crest and internal fixation using a 'double H'-shaped titanium plate corticosteroids are now commonly used in the early period after spinal cord injury. Definitive diagnosis and localization of the cervical oesophageal perforation is usually established by a contrast oesophagogram using a water-soluble contrast medium, 4,5,6,9 but was not indicated in our case since the leakage was obvious after surgical revision.
Most of the oesophageal perforations can be repaired by double layer imbricating sutures. 4, 11 However, oesophageal strictures occur in up to 54% after suture. 4 A high incidence of fistula formation requiring tube feeding for several weeks to months has been reported following nonsurgical treatment of an oesophageal leakage. 3, 5, 7, 10, 12 For few cases the use of local muscle flaps such as the sternocleidomastoid flap 2, 7 has been reported.
The free jejunal flap has been used successfully for pharyngeal and oesophageal reconstruction in tumour Figure 3 Intraoperative situation after two previous attempts of oesophageal repair (suture and fascia lata patch). A free jejunal flap reconstructed a complex 8 cm long segmental defect of the cervical esophagus. The former bed of the infected corticocancellous strut was filled with mesentery. An additional jejunal segment on the same vascular pedicle served as a monitor of blood supply, and was removed after 1 week. The remaining soft tissue defect was covered by a split thickness skin graft cases. [22] [23] [24] [25] [26] The predominant tumours in this area are squamous cell carcinomas. The tubed free radial forearm flap has also been frequently used for the same indications. [27] [28] [29] The discussion about the ideal method for reconstruction of the cervical oesophagus is still ongoing. 27, 29, 30 However, a high success and low complication rate has been reported for both methods. [22] [23] [24] [25] [26] [27] [28] [29] The lateral island trapezius myocutaneous flap, 31 the extended submental island flap, 32 and the pectoralis major myocutaneous flap 33, 34 are reported to be alternative methods for cervical oesophageal reconstruction, and might be suitable also in trauma situations. However, the data available on these procedures for the particular indication of post-traumatic oesophageal repair are limited.
In recent years, the free jejunal flap has been our standard procedure for pharyngeal and oesophageal reconstruction in tumour cases. The relatively high rate of fistula formation, reported by some authors, 25 could not be confirmed in our series. The free jejunal flap for segmental oesophageal reconstruction was selected to use the anti-infectious properties of the well-vascularized mesentery, and to fill the dead space after removal of the plate and the bone graft. To the best of our knowledge, this is the first reported case for this particular indication. The radial forearm flap appeared not to be appropriate in this case. Although a postoperative contrast oesophagogram showed a small leakage at the oesophago-pharyngeal anastomosis, a recurrent fistula formation did not occur after PEG feeding and only inert oral fluid intake. This minor complication seems to be acceptable considering the long treatment course and the underlying septic situation.
In summary, oesophageal perforation is a rare but recognized complication after cervical spine surgery, which can mostly be managed using secondary suture techniques. These operations are successful in closing the oesophagus, but lead to a high incidence of secondary strictures. For larger defects local muscle flaps can be used for closure. The free jejunal flap has been shown to be a reliable tool in this particular complex situation of a segmental oesophageal loss. It can only be speculated if early application of this flap would have prevented the infection of the bone graft and the plate loosening, but the use of a free jejunal segment should be considered in similar cases to reconstruct oesophageal continuity or to treat pertinent stricture and fistula formations.
